Introduction
Semiconductor nanoparticles are a very important topic in the ongoing research activity across the world [1] . The semiconductor particles exhibit size-dependant properties such as scaling of the energy gap and corresponding change in the optical properties. They are considered as the front-runners in the technologically important materials. ZnO is attracting tremendous attention due to its electronic properties. It has a wide and direct band gap of 3.37 eV at room temperature and it has a large exciton binding energy of 60 meV. As a result of its excellent chemical and physical properties [1] [2] [3] [4] [5] , ZnO has been widely used in low-voltage phosphor material, sensors, photovoltaics, photonics, light-emitting devices, photo detectors, optical waveguides, transparent conductive films, and bulk acoustic wave devices [6] [7] [8] [9] . ZnO as luminescent nanomaterials in the form of nanoparticles, nanorods, nanowires, nanotubes, nanocomposites as well as colloidal or bulk nanocrystals are of interest not only for basic research but also for usable applications [10] [11] [12] . High surface to volume ratio, local phenomena such as absorption or change in the surface electronic state may contribute significantly to special properties.
Many methods have been developed to prepare ZnO particles, including the sol-gel method [10] , evaporative decomposition of solution [11] , template-assisted growth [12] , wet chemical synthesis [13] , and gas-phase reaction [14] . Generally, some of the above methods require complex equipment and complicated operation, which can be called 'noble' methods. It is still a challenge to search for a simple, cheap, scalable and reproducible route to prepare metal oxides nanoparticles with a high yield and superior qualities. Herein, we report a simple sol-gel method in ethanolic solution to prepare ZnO nanoparticles. In this study the influence of the molar ratio of OH − /Zn 2+ on structural, morphological and optical properties of the dried pure ZnO nanoparticles were investigated.
Experimental
ZnO nanoparticles were prepared in an ethanol medium by the reaction of zinc acetate and sodium hydroxide. All chemicals (Aldrich make, 99.99%), used were AR grade and not further treated. The detailed preparation procedure may be summarized as follows: 0.918 g of Zn(CH 3 COO) 2 was dissolved in 60 ml of ethanol using vigorous magnetic stirring at 80°C for 30 min followed by cooling in ice water for 5 min. To determine the dependence of the prepared ZnO nanoparticles on the NaOH content of the precursors various weights of NaOH pellets (as shown in Table 1 ) were dissolved in 20 ml of ethanol in an ultrasonic bath to change the pH of the solution, and cooled in ice water as well. These solutions were slowly added to the Zn 2+ solution using vigorous stirring in ice water. Stirring ran for 24 hrs and the solution slowly gels and finally turns whitish colloidal solution. After centrifugally separated from the solutions, repeatedly washed using a mixture of ethanol and heptane with volume ratio 3:1, the obtained white precipitates were dried at ambient condition in a fume hood for 2 days. To determine the annealing and crystallization temperature of the as prepared ZnO nanoparticles, the thermal analysis was carried out with a Perkin-Elmer DSC 7 differential scanning calorimeter (DSC), and Thermo gravimetric analyses (TGA) were performed in a Perkin-Elmer TGA7 thermo gravimetric analyzer. The morphology of the ZnO powders annealed at 300°C was observed by a Shimadzu Superscan SSX-550 system scanning electron microscope (SEM) operated at 20 kV equipped with energy dispersive X-ray spectroscopy (EDS). Transmission electron microscope (TEM) image were recorded on a Philips EM420 transmission electron microscope. The X-ray diffraction (XRD) patterns were recorded to characterize the phase and crystal structure of the nanoparticles using a multi-purpose XRD system with a Siemens Diffractometer D5000 with a Cu K α radiation source at 40 kV, 30 mA and λ = 1 5418 Å. Optical absorption was performed on an Agilent HP1100 diode-array UV-visible spectrophotometer. Room temperature photoluminescence (PL) of the samples was measured, using a He-Cd laser (325 nm) as excitation sources. 
Results and discussions

Thermal properties
TGA -DSC curves of as deposited ZnO nanoparticles are shown in Fig. 1 . There was a total weight loss of 13 wt. % when the sample was heated from room temperature to 350°C. Three weight losses were observed in the temperature regions RT -60°C, 90 − 120°C and 150 − 350°C.
Weight loss of about 2 wt. % from room temperature to 60°C was due to desorption of the physically adsorbed water and partly chemically adsorbed alcohol. The weight loss of 7 wt. % from 90 to 120°C was due to the removal of chemically adsorbed water and alcohol. Weight loss of almost 3 wt. % from 120 to 350°C was mostly due to the decomposition of organic mater and the hydroxide groups. Two endothermic peaks (100°C; 192°C) were found in the heating process. The endothermic peak at 100°C in DSC results from evaporation of solvent. The broad endothermic peak around 192°C results from the decomposition of residual organics and crystallization of the ZnO. There is a slight gradual weight loss of ZnO after 250°C as observed from TGA curve. Hence the as prepared ZnO samples are annealed at 600°C for crystallization.
Morphological and structural properties
The morphology and size of the dried ZnO nanoparticles were examined by SEM observations. By adjusting the OH − /Zn 2+ molar ratios, many ZnO nanostructures with approximately similar morphological properties were obtained, in particular the range of the molar ratios investigated. A representative SEM image of ZnO powder dried at ambient conditions in a fume hood for 2 days is presented in Fig. 2 . The presence of highly agglomerated morphology should be attributed to overlapping of smaller and medium particles. However, small agglomerates on some of the large particles are clearly visible at high magnifications. Therefore it is concluded that the chosen OH − /Zn 2+ molar ratio range has minimum influence on the morphology of the ZnO samples. − /Zn 2+ molar ratio equal to 1.7. To determine the elemental composition of our matrices, EDS spectra were taken. For all ZnO samples which were dried for 2 days in air, all expected elements (Zn, O) were detected and the adventitious carbon is also to be seen. Fig. 4 shows the XRD pattern obtained from a typically dried ZnO powder. The results indicate that ZnO has been successfully prepared by a sol-gel process. The observed diffraction peaks are well-matched with the typical single crystalline wurtzite where λ = 0 154 nm is the wavelength of the X-ray radiation used, θ the Bragg diffraction angle of the XRD peak and β is the measured broadening of the diffraction peak at an angle of 2θ, at half its maximum intensity (FWHM) in radians. It is found that the average grain size reduced with molar ratio until OH − /Zn 2+ = 4 4 and increased again as the molar ratio increased. The average grain size was estimated as 10 nm for OH − /Zn 2+ molar ratio equal to 1.7, 9 nm for 4.4, 12 nm for 5.2 and 44 nm for 7. The results are partly in agreements with the absorption spectra examined by Sakohara et al. [16] , who claimed that the crystallite size increased with the lithium hydroxide concentration for the range investigated. It is concluded that the crystallite size of the ZnO nanoparticles are dependent on the amount of NaOH added. The calculated nanoparticle sizes for ZnO sample with OH − /Zn 2+ molar ratio of 1.7, corresponds well to that depicted by the TEM image of the said sample. Similar results have been reported by Abdullah et al. [17] and Ntwaeaborwa and Holloway [18] from ZnO colloid prepared by hydrolysis method and sol gel synthesized ZnO nanoparticles respectively. Figure 5 shows UV-Vis optical absorption spectra of the dried ZnO samples. In general absorption and transmission spectra probe the crystalline internal molecular orbital and provide information concerning size and particle compositions [18] . The absorbance decreases (band gap increases) with an increase in OH − /Zn 2+ molar ratio up to 8.8, but for OH − /Zn 2+ molar ratio of 4.4 its distinctively high. It is clearly visible from absorbance spectra that the excitonic absorption peak of ZnO nanoparticles appears around 360 nm for selected molar ratios, which lies much below the bandgap wavelength of 375 nm (E g = 3 3 eV) of bulk ZnO [16] , indicating that the particles must be comparable to the Bohr radius of exciton for ZnO. It is also observed that absorption edge of ZnO is very sharp for OH − /Zn 2+ molar ration of 0.44, 0.55 and 0.88 that indicates the monodispersed nature of the nanoparticle distribution [19] . The monodispresed nature of particle distribution for OH − /Zn 2+ molar ration of 1.7 have also been confirmed by TEM measurement as shown in Fig. 3 . The relatively high absorbance at longer wavelengths and broad absorption edge for OH − /Zn 2+ molar ration of 0.22 indicates large dispersion in size of the ZnO nanostructures and their arbitrary orientations. Combination of low visible absorbance displayed by the ZnO nanoparticles and low electrical resistivity is very useful in applications such as transparent electrodes in solar cells, luminescence display screens and ultraviolet diodes [16] . Insert in Fig. 6 depicts plot of α 2 versus for deposited ZnO nanoparticles. The extrapolation of the linear portion of (α ) 2 versus graph at α = 0 yields the band gap value of the nanoparticles [20, 21] . The band gap of prepared ZnO around 3.3 eV agrees well with the values generally re- ported in literature [16] . It can also be seen from Fig. 6 that band gap value slightly increases to approximately 4.0 eV with an increase in OH − /Zn 2+ molar ratio except for molar ratio of 4.4 where the band gap doesn't seem to obey the proportionality relationship. Fig. 6a shows the PL emission spectra for the ZnO powder excited with a He-Cd laser (325 nm). Clearly, two bands were observed from the room-temperature PL spectrum of the ZnO nanoparticles for molar ratio of 1.7 i.e., blue emission and green-yellow emission at 468 and around 580 nm, respectively. Interestingly, it was observed that, the green emission is enhanced while blue luminescences is quenched and completely disappear in most cases with variation in molar ration. The results confirm broad luminescence in the green-yellow region [18] for ZnO powder. The green emission is also known to be a deep level emission which is caused by the impurities and structural defects in the crystal such as oxygen vacancies, zinc interstitials, etc. Vanheusden et al. [22] proposed the mechanism of green emission and reported that green emission is due to the recombination of the electrons in singly occupied oxygen vacancies in ZnO and that the emission results due to the recombination of a photo-generated hole with an electron occupying the oxygen vacancies. It is also reported that particles surface depletion plays a major role in the density of singly ionized oxygen vacancies and the charge state of this defect and thus is controlling the green emission intensity [23, 24] .
Optical properties
Regarding the appearance of blue emission in ZnO nanomaterials, Dai et al. reported that blue emission at 460 nm might be due to intrinsic defects such as oxygen and zinc interstitials [22] . However, the exact mechanism behind this emission is still unclear.
As shown in Fig. 6b , the intensity of the broad green PL peak and the corresponding emission peak position were also affected by the OH − /Zn 2+ molar ratios in the precursor solution. As the OH − /Zn 2+ molar ratio increases to about 5.5, the green luminescence intensity increases to a maximum value and then reduces thereafter. On the contrary the relative peak positions of green emission portray on average a linear relationship with concentration of NaOH. Fig. 6c shows that the emission wavelength (energy) has an exponential increase with the grain size. The increases in emission energy are attributed to the particle size variation of the dried ZnO nanoparticles as the molar ratios of OH-/Zn 2+ vary. The decreases in particles size increase the band gap energy; correspond to larger transition energy from the valence band to the location of delocalized electrons at singly occupied oxygen vacancies within deep trapped holes. It was observed therefore that not only does the molar ratio of OH − /Zn 2+ of the precursor influence the size of the prepared nanoparticles, but also significantly control the emission energy and maximum luminescence intensity. This suggests they originate from different sites in the ZnO phosphor. The visible luminescence in ZnO has been proposed to be caused by the breakage of excitons where by an electron decays non-radiatively to the defect states in the optical gap and then radiatively recombining with the holes at the valency band. In nano-crystalline ZnO, due to increase in the surface area/volume ratio, the luminescence from the defect states is large. For device application therefore such defect states should be controlled to reduce the visible deep level emission.
Conclusion
In summary, high quality luminescent ZnO powder with different sizes was prepared by wet chemical synthesis through a sol gel process just by adjusting the molar ratio of sodium hydroxide to zinc acetate. XRD confirmed the wurtzite structure of ZnO. All elements expected in the nanoparticles were observed through EDX. SEM showed agglomerated particles albeit with nanosized agglomerates on the surface and which were interpreted as the building particles of the bigger ones. A further indication to nanosized particles of the ZnO powder was revealed by the TEM image, increase in band gap and blue shifted luminescence of both UV-vis and PL measurements. The deep level defect emission luminescence is predominant for the prepared ZnO nanoparticles by sol-gel, while the intensity of the green emission luminescence is optimum for OH − /Zn + molar ratio of 4.4. This enhanced luminescence was attributed to quantum confinement caused by the nano sized ZnO nanoparticles. The choice of appropriate molar ratio of the precursor is paramount in the size control of ZnO nanoparticles as no catalyst is employed.
